Form Approved

REPORT DOCUMENTATION PAGE OMB NO. 0704-0188

Public Reporting burden for this collection of information is estimated to average 1 hour per response, including the time for reviewing instructions, searching existing data sources, gathering
and maintaining the data needed, and completing and reviewing the collection of information. Send comment regarding this burden estimates or any other aspect of this collection of
information, including suggestions for reducing this burden, to Washington Headquarters Services, Directorate for information Operations and Reports, 1215 Jefferson Davis Highway, Suite
1204, Arlington, VA 22202-4302, and to the Office of Management and Budget, Paperwork Reduction Project (0704-0188,) Washington, DC 20503.

1. AGENCY USE ONLY ( Leave Blank) 2. REPORT DATE 3. REPORT TYPE AND DATES COVERED
02/26/03 Final Progress Report Phase | 07/01/02 --
02/26/03
4. TITLE AND SUBTITLE 5. FUNDING NUMBERS
Molecular Signature of Biological Pathogens Contract # DAAD19-02-C-0054

6. AUTHOR(S)
Guck T. Ooi, Ph.D.; Sun H. Paik, Ph.D.; Earl W. Ferguson, M.D., Ph.D.

7. PERFORMING ORGANIZATION NAME(S) AND ADDRESS(ES) 8. PERFORMING ORGANIZATION
Sun BioMedical Technologies, Inc. REPORT NUMBER 6 (FINAL PROGRESS
1539 N. China Lake Blvd. , PMB231
Ridgecrest, CA 93555

9. SPONSORING / MONITORING AGENCY NAME(S) AND ADDRESS(ES) 2 0 0 3 0 3 1 7 1 2 5
U. S. Army Research Office

P.O.Box 12211
Research Triangle Park, NC 27709-2211

Y3¢z20./ ~(S-8B/
11. SUPPLEMENTARY NOTES

The views, opinions and/or findings contained in this report are those of the author(s) and should not be construed as an official
Department of the Army position, policy or decision, unless so designated by other documentation.

12 a. DISTRIBUTION / AVAILABILITY STATEMENT 12 b. DISTRIBUTION CODE

Approved for public release; distribution unlimited.

13. ABSTRACT (Maximum 200 words)
Peripheral blood mononuclear cells (PBMCs) were infected in vitro to develop a model for studying

infections of high interest with regards to bioterrorism threats. PBMCs were infected with E.coli, B.subtilis
and B.cereus, and gene expression analyzed by DNA micro-array technology. Each group had clearly different
genetic expression profiles. Random Forest Predictor classified Control, E.coli, B.subtilis and B.cereus groups
with only one misclassification in 34 samples (test set accuracy=97%). A list of the 20 most important
predictor genes was developed using stepwise linear discriminant analysis. /n vivo responses to initial Anthrax
vaccinations and E.coli urinary tract infections were compared to in vitro responses to B.cereus and to E.coli,
respectively. E.coli urinary tract infections differed from controls, but did not group with in vitro infections,
suggesting a limited systemic response. Anthrax vaccinations produced a distinct response, different from
controls but similar to the in vitro responses from B.cereus infections. These findings suggest that this model
will predict systemic infection responses to bioterrorism pathogens of interest. Analysis of proteomic
responses to identify key markers for specific infections provided critical information to guide in vivo analyses
that will be expanded to a larger group of subjects with systemic infections in Phase II.

14. SUBJECT TERMS 15. NUMBER OF PAGES
microbial pathogens, immune response, genomics, molecular markers, DNA microarray, 19
bioterrorism, Bacillus

16. PRICE CODE

17. SECURITY CLASSIFICATION 18. SECURITY CLASSIFICATION 19. SECURITY CLASSIFICATION 20. LIMITATION OF ABSTRACT
OR REPORT ON THIS PAGE OF ABSTRACT
UNCLASSIFIED UNCLASSIFIED UNCLASSIFIED UL
NSN 7540-01-280-5500 Standard Form 298 (Rev.2-89)

Prescribed by ANSI Std. 239-18
298-102




REPORT DOCUMENTATION PAGE (SF298)
(Continuation Sheet)

MOLECULAR SIGNATURES OF BIOLOGICAL PATHOGENS
Phase I Final Report:

1) Foreword:

DoD CBD 02-100 Objectives
The main objectives of the DoD CBD 02-100 project are to establish and identify the specific molecular
signatures of different pathogens, and to determine whether these signatures can be used to forecast/predict
expected early molecular markers of in vivo infection with biological warfare agents of high interest with
regards to bioterrorism threats (Centers for Disease Control and Prevention [CDC] Category A biological

agents).

Our Research Work

While the above CBD objectives focuses on in vivo studies to determine the response of normal
volunteers to chance infection by specific bacterial or viral pathogens to be identified after infection occurs, we
felt that baseline in vitro basic studies should be accomplished first, together with some complementary in vivo
studies to identify key issues associated with in vivo work. This combined in vitro/in vivo has the following
advantages:

1. Rapid optimization of critical experimental parameters involved in acute infections (such as, time
course of specific infections) and characterization of specific molecular responses and early molecular markers
that are expected in vivo

2. Characterization of molecular responses to infection and early molecular markers for pathogens that
are not expected to occur and can not be tested in normal populations, but are of high interest with regards to
bioterrorism threats (Centers for Disease Control and Prevention [CDC] Category A biological agents: Bacillus
anthracis, Clostridium botulinum [botulism), Yersinia pestis [plague], Francisella tularensis [tularemia], pox
viruses, and hemorrhagic fever viruses);

3. Prediction of early molecular markers that would be generated by in vivo responses of healthy, human
subjects to biological warfare agent exposure;

4. More cost-effective, focused application of expensive DNA microarray technologies in development
of the envisioned database of the human genomic response to various pathogens;

5. More focused and simplified in vivo studies on human volunteers.

Objectives of Our Phase I/II SBIR Research Work
The specific objectives of our Phase I/II research work are consistent with the DOD CBD 02-100 objectives,
and includes the following:

1. Identify and characterize genetic responses to pathogen exposure at a genomic level.

2. Identify early molecular markers of biological agent exposure.

3. Develop a database of human responses to various pathogens so that exposure can be determined and the
agent can be accurately identified within minutes or hours of infection.

4. Determine the host gene expression “signature” of microbial pathogen exposure and identify distinct
host responses to different pathogens.

5. Train a Random Forest Predictor [RFP] algorithm (and or other algorithms, such as Support Vector
Machine [SVM]) to allow accurate identification of an unknown pathogen exposure
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4) Statement of Problem Studied:
Infection by a microbial pathogen triggers a complex and distinct set of coordinated cellular and

systemic events that result in the host-defense response. Interactions between a host and microbial pathogens
are diverse and regulated in specific patterns by unique molecules and mechanisms involving activation of
transcriptional events of innate and adaptive immunity [1]. Individual pathogens develop their own strategy for
survival in host target cells and may elicit a specific host response besides the broad and generic local
recruitment of leukocytes or T lymphocyte subsets and secretion of cytokines that promote cellular and humoral
immunity.

The complex interaction between microbial pathogen and host in infectious disease processes can be
explored by analysis of gene expression to provide details of the early molecular events that follow infection
and to better understand their regulation [2,3]. The knowledge of human genomic sequences is just the starting
point for unraveling the complexities of this host-pathogen interaction. Infection of a host by pathogenic
bacteria involves changes in the physiology of both host cells and invading microbial pathogens. These
physiological changes are due to gene expression changes that reflect and characterize an ongoing infectious
process and are unique to specific pathogens. The host profiling of gene expression by DNA microarray
hybridization may identify gene expression signatures unique for each pathogen and may identify functions of
genes not previously implicated in the response to infection. Patterns of host gene expression response to
different pathogens have been described for many virus and bacteria but have been limited to few well-known
cytokines that are strongly induced in response to different inflammatory stimuli [4]. High-density DNA
microarrays can identify genome-wide transcriptional events that underlie host response to microbial pathogens.

Profiling gene expression patterns of host cells before and after specific infections will provide better
understanding of differential microbial pathogenesis and may provide novel tools for early diagnosis and
clinical management of specific infectious diseases, including the identification of new therapeutic targets.
Traditional diagnostic approaches require isolation of the etiologic agent or measurement of antibody response
to a specific pathogen. In this project we propose to create a host gene expression “signature” to early microbial
pathogen exposure and identify distinct molecular level host responses to different pathogens that do not require
isolation of the pathogen or waiting for the host antibody response.

Microarray technology can quantify the differential expression of thousands of genes in various
pathogenic states. Distinct host gene expression “signatures” can be used as diagnostic markers of infection for
early detection of exposure to pathogens and to determine time of exposure.

5) Summary of Most Important Findings:

Phase I research was restricted to showing feasibility of analyzing the early differential immune
response of PBMCs to Bacillus cereus, Bacillus subtilis, and Escherichia coli and to validate in vitro data by
detecting a differential immune response to Bacillus anthracis vaccinations and Escherichia coli urinary tract
infections by analysis of blood samples. Investigation of other pathogens to generate a more comprehensive
database of human response to various types of Gram-positive and Gram-negative bacteria and viruses in a
larger group of subjects with multiple sampling periods will be undertaken in Phase II.

a) Processing of Samples: The proof-of-concept experiments were carried out in vitro for closer control
of infection conditions and time post-infection. To demonstrate that the in vitro infection reflect or closely
mimic the in vivo infection, we analyzed and compared gene expression profiles of PBMC from patients with
urinary tract infections (culture proven to be E. coli) and PBMC infected in vitro with E. coli. This approach
will allow us to test the host response to many virulent pathogens (including biowarfare microorganisms) to
obtain a “fingerprint” for specific infectious agents. In parallel, experiments were done also with an
opportunistic pathogen Bacillus cereus (genetically related to B. anthracis with 92.2 — 99.6% DNA sequence
identity and 96.5% amino acid sequence identity) and ubiquitous soil bacterium Bacillus subtilis 168
(evolutionary divergent Bacillus strain). These two strains were chosen to demonstrate differential host
discrimination between related bacterial species (B. cereus vs. B.subtilis 168) and E. coli was chosen to




demonstrate host discrimination between genetically and evolutionary unrelated species (Gram-positives and
spore-forming B. cereus and B. subtilis 168 vs. Gram-negative E. coli).

Blood samples were collected from healthy, genetically diverse anonymous volunteers similar to the
population found in the U.S. Armed Forces. Based on control experiments, blood sample volumes (120 ml)
were increased and the number of blood donors decreased. All in vitro studies (B. cereus, B. subtilis 168, E.
coli and Control) were completed on each sample to decrease the likelihood of individual variability between
groups. Peripheral blood mononuclear cells (PBMCs) were isolated using Ficoll-Paque and cultured with
Bacillus cereus or Bacillus subtilis, or Escherichia coli, for comparison to control cultures. To minimize the
initial costs related to DNA microarrays, only a single concentration of bacteria load for each group of PBMC
infections was tested (10:1 or lower [1:1 for B. cereus] multiplicity of infection for 3 h in CO; incubator at 37
%C). The MOI for B. cereus was decreased because fast growth and attachment to PBMCs resulted in cell lysis
and poor quality of RNA at higher MOIs. After incubation, cells were harvested, washed and processed for
total RNA extraction using the RNeasy Total RNA Isolation kit (Qiagen) recommended by the Affymetrix
protocol. The quality of the RNA samples was documented by agarose gel, absorbance ratio at 260nm/280nm,
and Agilent RNA Analyzer. All RNA samples submitted for DNA microarray analyses passed stringent quality
controls.

b) Initial DNA microarray analyses: Working DNA microarray data sets comprised of 42 samples
divided into 6 groups as summarized in Table 1.

Table 1. Microarray data sets used for analysis to determine whether gene expression profiling can be
used to identify pathogen types.

Treatment Number of Samples Comments
Name

Ctrl 12 Non-infected control group

E. coli 7 In vitro samples infected with E. coli

B. cereus 7 In vitro samples infected with B.
cereus

B. subtilis 6 In vitro samples infected with B.
subtilis

UTI 2 In vivo samples from patients with

Urinary Tract Infection, confirmed to
be due to E. coli

AV 4 In vivo samples from volunteers 24 h
after Anthrax Vaccination

UnkA, UnkB, 4 Masked in vitro and in vivo samples
UnkC, UnkD included to test the precision of gene
expression profiling in identifying
infection type

To determine treatment effect (pathogen type) on global gene expression profile, unsupervised learning
analysis of the data was performed. Hierarchical clustering analysis using all 22,215 genes showed that samples
cluster into 6 groups determined by pathogen type (Control, E. coli, B. cereus, B. subtilis, UTI and AV).

Similar conclusions were obtained when data was analyzed using the 5000 and 1000 most varying genes based
on the coefficient of variation (Figure 1, see Appendix). Multidimensional scaling plots confirmed inferences
made from hierarchical clustering analysis (Figure 2, see Appendix). Results confirmed that changes in gene
expression profiles are different for different pathogen types, and can be used as signatures for identifying
pathogen exposure. There was no global gender, age, or race effect using unsupervised learning analysis




(clustering and multidimensional scaling plots), although this may be due to small sample size. This issue will
be further addressed in phase II with larger sample sizes.

Several 2-group comparisons using the t-test filtered out genes that were significantly different at p-
values equal to or smaller than 0.01. In each file, the genes were sorted by the t-test statistics, the larger the
absolute values of the t-statistics, the more significant the genes. Shorter gene lists were available from the
sorted list by setting more stringent criterion, 1.e., p=0.005, p=0.001, etc.

Differences between in vitro infection groups: As stated above, pathogen type was clearly separated
by global gene expression profile. Using t-test for 2-group comparisons (infected group vs. control), there were
significant differences between each infected group compared to controls. At the P<0.01 level, a series of gene
list were compiled for different groups. The following number of genes were different (P<0.01) for each
comparison:

4043 genes between Ctrl vs. all in vitro infected groups (B. cereus, B. subtilis & E. coli combined)

2958 genes between Ctrl vs. Bacillus groups (B. cereus & B. subtilis combined)

2464 genes between Ctrl vs. UTI

Differences between Gram-negative bacteria (E. coli) vs. Gram-positive bacteria (B. cereus & B.
subtilis combined): Unsupervised learning analysis indicated that there were significant differences between
Gram-positive and Gram-negative bacteria. These two groups clustered separately, and t-test comparison at
p<0.01 level filter out 1339 differentially expressed genes.

Differences between in vitro vs. in vivo infected groups: Comparisons were made between E. coli vs.
UTI and B. cereus vs. AV to determine whether in vitro infection reflects similar or related in vivo infections.
Blood samples were collected from women with UTIs and processed for DNA microarray analyses as described
above. The samples from women with culture proven E. coli UTIs were sent for analysis with E. coli in vitro
samples. Half of the UTI samples initially sent for processing were lost in sample processing at the DNA
Microarray Facility at UCLA. The two remaining UTI samples did not group with the in vitro E. coli samples,
but did separate from controls using the unsupervised learning analysis. Based on those results, additional UTI
samples were not processed since UTIs appeared to act as "localized infections" rather than systemic infections
and did not appear to generate sufficient systemic changes to completely mimic in vitro responses.
Nevertheless, UTI group can be clearly differentiated from Ctrl group. Two group comparison using t-test at
p<0.01 level indicated 2464 genes that are differentially expressed during UTI. The Correlation Matrix of UTI
samples to in vitro E. coli samples showed overall correlation of 0.86 (= 74 % Similarity).

For AV samples, blood samples were collected 24-26 hours after initial anthrax vaccinations in 5
subjects and processed for DNA microarray analyses. Five samples were sent for analysis as post-anthrax
vaccination samples (out of this five, one sample was masked as UnkB). In an unsupervised learning analysis,
all 4 AV identified samples clustered together but away from B. cereus samples indicating that there are
differences between in vivo response to Anthrax vaccinations and in vitro B. cereus infected samples. This is
validated in a t-test comparison, where 2819 genes were obtained that showed highly significant (p<0.001)
changes. Nevertheless, all AV samples can be clearly differentiated from Ctrl group. Using p<0.001 cut-off
level, we cataloged 1822 genes that are differentially regulated due to anthrax vaccination. This difference is
somewhat expected as anthrax vaccination (soluble protein fraction) should not be expected to elicit exactly the
same immune response as a live B. anthracis infection and B. cereus is not identical to, but similar to B.
anthracis. Even so, the Correlation Matrix of Anthrax vaccination samples to in vitro B. cereus samples
showed overall correlation of 0.89 (= 80 % Similarity).




¢) Molecular signatures for specific infection groups: Clustering analysis and multidimensional plots
together with pair-wise t-test comparisons identified a list of genes whose expressions were significantly altered
in each pathogen groups. Using these gene lists, a supervised analysis prediction method (Random Forest
Prediction method developed by L. Breiman [5]) was used to determine the pathogen status of known 36
samples plus four unknown samples (Control, E.coli, B.subtilis, and B.cereus). When the Random Forest
Parameter entry was set at the 2000 most important genes, the predictor was 97 % accurate for classifying in
vitro samples and 92% accurate for combined in vitro and in vivo AV samples.

Table 2. Classification tables by Random Forest Prediction:

Treatment | Treatment | Sample Mis- Correct % Correct
Group Name Number [ Classification | Classification
1 Control 12 1 11 91.70%
2 E.coli 7 0 7 100%
3 B.subtilis 6 0 6 100%
4 B.cereus 7 0 7 100%
TOTAL 32 1 31 96.90%
Treatment | Treatment | Sample Mis- Correct % Correct
Group Name Number | Classification | Classification
1 Control 12 2 10 91.70%
2 E.coli 7 0 7 100%
3 B.subtilis 6 0 6 100%
4 B.cereus 7 0 7 100%
5 AV 4 1 3 75%
TOTAL 36 3 33 91.70%

The Random Forest Predictor calculates not only measures of gene importance, but also the most
important genes for predicting infection status. From the list of the 200 most important genes, a final list of the
20 most important genes was determined using stepwise linear discriminant analysis. The 20 most important
genes lead to a perfect separation of the different infection groups (Figure 3A, 3B, 3C, see Appendix).

d) Random Forest Predictor for determining pathogen status of masked samples: Besides
clustering accuracy as a measure of determining the precision of the Random Forest Predictor, 4 unkown
samples were included in the microarray analysis, that remained unkown to both the microarray technician and
the statistician performing the data analysis. The Random Forest Predictor was able to identify accurately
UnkA, UnkB, UnkC, and UnkD to be B. subtilis, AV, E. coli, and B.cereus respectively — 100 % accuracy.

This “blind” testing confirmed that changes in global gene expression profiles can be used accurately to identify
exposure to biological pathogens. The classification probabilities of 4 masked samples are shown in Table 3.

Table 3. Classification Probabilities:

Sample ID AV B. cereus | B. subtilis Control E. coli
UnkA 0.1816 0.1370 0.3952 0.2098 0.0764
UnkB 0.5968 0.0258 0.0188 0.3316 0.027
UnkC 0.0888 0.0944 0.1452 0.1362 0.5354
UnkD 0.1308 0.3966 0.2496 0.1096 0.1134




¢) Proteomic analysis of samples: Preliminary proteomic analyses identified specific qualitative and
quantitative protein changes when PBMC cultures were stimulated in vitro with E. coli, B. cereus or B. subtilis
bacterial strains. Non-infected and infected PBMC culture supernatants were analyzed to determine
differentially secreted cytokines and/or lymphokines that can be detected by HPLC and two-dimensional (2-D)
gel electrophoresis. This effort was directed at proteins secreted in plasma to identify protein markers that
could be used for rapid detection by biosensor technology. Clear differences in HPLC profiles could be seen
among non-infected control samples and samples from E.coli, B. cereus and B.subtilis infected culture
supernatants. Proteins were separated from culture supernatants by analytical reverse-phase-HPLC with a
Vydac C18 column and three-step linear gradients. Although some differences were observed among subject
samples, there were characteristic protein patterns differences between control samples and samples from
specific infections (Figure 4A, see Appendix). For example, all six PBMC cultures infected with E. coli
showed a peak eluted at 17 min (absent in control samples and Bacillus sp. infected samples) and an inverted
double peak eluted at 8 min of reverse-phase HPLC. Culture supernatants of PBMC infected with B. cereus and
B. subtilis also showed differential protein secretion patterns compared to controls and E. coli infected samples.
Figure 4B (see Appendix) shows distinct HPLC profiles of serum samples before and 24 h after Anthrax
vaccination in the same subject.

For better separation of secreted proteins, non-infected and infected PBMC culture supernatants were
analyzed by 2-D gel electrophoresis. Culture supernatants were concentrated 5 to 10 times using a 3K Dalton
cut-off protein concentration device (NanoSep) to improve the visualization of low abundance proteins. To
improve the fractionation of serum proteins present in samples, albumin was removed using SwellGel (Pierce)
resin columns. Although it improved the separation of protein spots in the second dimension, the SwellGel blue
resin also trapped other serum proteins. Loss of bands by 1-D SDS-PAGE electrophoresis and protein spots by
2-D electrophoresis gels was observed when samples were compared before and after albumin removal. 2-D
electrophoresis was performed using Bio-Rad System and reagents. The best sensitivity was obtained using
fluorescent Sypro Ruby stain (rather than Silver Stain Plus) and improved Bio-Safe Coomassie Blue (Bio-Rad).
Unique proteins (spots) were identified by gel comparison using Quantity One Analysis software (Figure 5, see
Appendix). The analysis of HPLC profiles and 2-D electrophoresis gels demonstrate that PBMC cultures
express and differentially secrete protein markers in response to specific infection. In Phase II, these unique
protein spots will be further identified and characterized with 2-D image analysis PDQuest software.
Downstream protein spot identification after excision from gels will be obtained by peptide mass fingerprint
analysis using ESI-MS-MS mass spectrometry.

Western blots were used to evaluate correlation between gene expression and protein levels. Based on
gene expression data, three cytokines with commercially available antibodies were tested. Good correlation
was demonstrated between gene expression levels and protein levels of TNF-a and IL-4 (Figure 6, see
Appendix). However, no correlation was found with cytokine Amphiregulin, despite relatively high gene
expression levels in B.cereus in comparison to B. subtilis, E. coli and Control. Trace amounts of Amphiregulin
were detected in two of 6 cultures with E. coli (Figure 6). Amphiregulin was not detected in any of 6 samples
each of control, B. cereus, and B. subtilis groups. According to gene expression data, Amphiregulin levels
comparable to IL-4 levels shown in E. coli group should have been detected in B. cereus culture supernatants by
Western blot. These studies demonstrate that gene expression data can guide the study of responses to specific
infection but complementary proteomics data is necessary for identification of unique sets of protein markers of
specific infections.




f) Conclusions:

Phase I demonstrated that unique differential genetic expression profiles can be identified and
characterized for specific pathogen exposures and that distinct molecular markers of infection can be identified
within 3 hours after in vitro exposure and 24 hour after in vivo exposure (Anthrax vaccination). This
demonstrates the feasibility of establishing a combined in vitro/in vivo database of differentially regulated genes
for each pathogen type to identify distinct host responses to different pathogens. This database will assist in
prediction of responses to biological agent exposures that cannot be tested in vivo and are not usually
encountered in human subjects (such as, CDC Category A biological agents: Bacillus anthracis, Clostridium
botulinum [botulism], Yersinia pestis [plague), Francisella tularensis [tularemia], pox viruses, and hemorrhagic
fever viruses). Training data sets for accurately identifying human responses to various pathogens were used
with the Random Forest Predictor to accurately identify unknown samples (E.coli, B. subtilis, B.cereus, Anthrax
vaccination) into their respective pathogen response groups. The identification of the most differentially
regulated genes within each pathogen group, facilitated screening for candidate early molecular markers of
infection using proteomics analyses. Phase I evaluated three specific secreted cytokines (Amphiregulin, TNF-o
and IL-4) and other yet unidentified protein markers that were differentially expressed in specific infections.

g) Future Directions:

Phase II will validate Phase I findings in a larger group of infections. In addition to E. coli and B.
cereus, other common infections, such as those caused by Gram-positive bacteria (Staphylococcus
aureaus,Staphylococcus epidermidis [coagulase negative], Streptococcus pyogenes [Group A, beta hemolytic
Strep], Enterococcus faecalis) and Gram-negative bacteria (Pseudomonas aeroginosa, Proteus mirabilis), virus
(Hepatitis B) and fungus (Candida albicans), will be evaluated. In vivo and in vitro genetic responses will be
correlated and validated and a larger in vivo/in vitro database of human response to infections will be generated.
Based on gene expression data, sets of protein markers will be identified for specific infections by proteomic
analyses. Known and unidentified protein markers will be isolated, identified and characterized for potential
coupling to biosensors arrays for rapid detection of exposures to infectious agents in serum or whole blood
samples.

Phase II of this study will lead to development of differential biomolecular nano-sensor array systems
that measure specific marker proteins and allow almost immediate detection and identification of early
differential immune response to specific microbial pathogens. A proposal (Bio-Molecular Nano-
Devices/Systems [MOLDICE] for Detecting Early Molecular Markers of Injury, Toxin Exposure and Infection)
has been submitted to DARPA (BAAO01-42) and is being presented to the Director for final decision on funding.
The DARPA proposal is a joint proposal with the Polymer Science and Engineering Branch and the Image and
Signal Processing Branch, Naval Air Warfare Center Weapons Division (NAWCWD) at China Lake
(NAWCWD is also assisting with Phase II of this project). An electronically addressable array of ion-channel
biosensors will be developed for rapid analysis of blood for injury, toxin exposure and infection. This project
will initially demonstrate an ion-channel sensor based on a-hemolysin pores and short peptides that mimic
physiologic receptors incorporated into stabilized bilayer-lipid membranes. Binding kinetics will identify
unique signatures for ligands. This sensor will provide selectivity in complex biological fluids, reversibility of
ligand/receptor interaction and measurable changes in ion flux across the pore. Once proof-of-concept is
completed, coupling of mimic physiologic receptor peptides to more stable polymer membranes, large-scale
integration and parallel array processing of stochastic signals from individual sensing elements will be
accomplished.
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Figure 2. Unsupervised Analysis
Multidimensional Scaling Plots (MDS plots)

MDS for all samples with 1000 most varying genes
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Figure 3C. Box-plots of the expression of top 20 genes
separating TRT

To understand where these 20 most important genes are over expressed, we show here

the box-plots versus pathogen status of the most important genes.
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Figure 4A. HPLC profiles of PBMC culture supernatants of non-infected and 3 h after
infection with E. coli, B. cereus, and B. subtilis. Differentially secreted proteins by
specific infections are underlined. Sample load: 100 pl of culture supernatants containing
10% serum. Chromatography conditions: Linear gradient from 20 to 70% acetonitrile
containing 0.1% TFA over 30 min with Vydac C18 column, flow rate of 1.2 ml/min, with
detection at 280 nm. The profiles A to D represent same subject samples before and after
infection and protein peaks underlined are representative of 3-5 samples.
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Figure 4B. HPLC profile of the same subject plasma before (A)
and 24 h after Anthrax vaccination (B). Same chromatographic
conditions described in figure A were used. Differentially
secreted proteins are underlined.
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Figure 5. 2D electrophoresis gel analysis of PBMC culture supernatants before
(A) and 3 h after infection with E.coli (B) and B.cereus (C). Gel A shows
basal proteins secreted in the absence of infection. First dimension separation
was by IEF from pH 4-7 in an IPG gel. Second dimension separation was by
SDS-PAGE in an 8-16% T Polyacrylamide gradient gel. Gels were stained
with SyproRuby stain. Some of differentially expressed protein spots are
circled.
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